To elucidate the molecular mechanism of familial central diabetes insipidus (FDI), we sequenced the arginine vasopressinneurophysin II (AVP-NPII) gene in 2 patients belonging to a pedigree that is consistent with an autosomal dominant mode of inheritance. 10 patients with idiopathic central diabetes insipidus (IDI) and 5 normals were also studied. The AVP-NPII gene, locating on chromosome 20, consists of three exons that encode putative signal peptide, AVP, NPII, and glycoprotein. Using polymerase chain reaction, fragments including the promoter region and all coding regions were amplified from genomic DNA and subjected to direct sequencing. Sequences of 10 patients with IDI were identical with those of normals, while in 2 patients with FDI, a single base substitution was detected in one of two alleles of the AVP-NPII gene, indicating they were heterozygotes for this mutation. It was a G --A transition at nucleotide position 1859 in the second exon, resulting in a substitution of Gly for Ser at amino acid position 57 in the NPII moiety. It was speculated that the mutated AVP-NPII precursor or the mutated NPII molecule, through their conformational changes, might be responsible for AVP deficiency. (J. 
Introduction
Central diabetes insipidus (CDI)' is a disorder of impaired water conservation which results from a deficiency of arginine vasopressin (AVP). According to the causes, CDI can be classified into three categories, familial, idiopathic, and secondary. Familial CDI (FDI) is an extremely rare disorder, usually transmitted as an autosomal dominant trait (1, 2) , while idiopathic CDI (IDI) is far more common, comprising -30% ofCDI (3) .
The arginine vasopressin-neurophysin II (AVP-NPII) gene assigned to human chromosome 20 (4) consists of three exons that are separated by two introns (5) . This structural organization ofthe gene is conserved among most vertebrate species (6, 7) . The first exon (exon 1) encodes putative signal peptide, AVP, and the NH2-terminal region of neurophysin II (NPII); the second exon (exon 2) accounts for the central region of NPII; and the third exon (exon 3) gives rise to the COOH-terminal region of NPII and glycoprotein. The three exons are transcribed to mRNA, which is then translated to form an AVP-NPII precursor. This precursor undergoes posttranslational processing during its transport to axonal terminals within neurosecretory vesicles to yield AVP, NPII, and glycoprotein (8) .
The homozygous Brattleboro rat, characterized by an autosomal recessive transmission of CDI (9) has been shown to have a single base deletion in exon 2 of the AVP-NPII gene (10) . The nucleotide deletion causes frame shift and extinguishes a stop codon and a glycosylation site, resulting in an AVP-NPII precursor with an altered COOH-terminal region. Translation of the poly(A)-tail yields a highly charged polylysine sequence, which is suggested to impair the transport or processing of the precursor (1 1, 12).
With respect to FDI, it has recently been suggested that there exists a genetic locus responsible for the disease within or near the AVP-NPII gene from the results of linkage study performed on two pedigrees (13) .
In this study, we sequenced the AVP-NPII gene in two patients with FDI. Patients with IDI and normal subjects were also included in this study. Direct sequencing was performed on the PCR-amplified DNA, and the sequence ranging from the promoter region to the 3'-untranslated region except for two introns was determined. Significance of a mutation found in patients with FDI is discussed.
Methods
Subjects. 2 patients belonging to a pedigree ofFDI and 10 patients with IDI were studied. Patients were diagnosed as CDI based on the clinical features of excessive polyuria, polydipsia, and thirst, reduced levels of plasma AVP, and marked responses to exogenous vasopressin. AVP responses to hypertonic saline infusion were impaired in these patients. In the pedigree of FDI, 6 members spanning 3 generations were supposed to be affected, judging from symptoms such as polyuria and polydipsia (Fig. 1) . Accordingly, this pedigree was consistent with an autosomal dominant mode of inheritance which is usually observed in the reported pedigrees of FDI (1, 2) . Basal plasma AVP levels of the 2 patients studied were 0.26 and 0.36 pg/mi (III-I and 111-2, respectively). The 2 patients and their 2 affected siblings had noticed symptoms in their childhood or teens. Although it must be a significant value to study unaffected subjects in this pedigree, specimens were not available. 10 patients with IDI were subjected to computed tomography and/or magnetic resonance imaging to preclude secondary diabetes insipidus. 5 ofthem were diagnosed when they were under 10 yr ofage. To ascertain the nucleotide sequence ofthe AVP-NPII gene previously reported (5) , normal subjects of 3 Japanese and 2 Caucasians were also included in the sequencing analysis. Another 20 unrelated normal Japanese were subjected to the restriction enzyme analysis described below. Informed consent was obtained from patients and normal individuals.
Primers. On the basis of the genomic sequence of the AVP-NPII gene (5) , nine oligonucleotides shown in Table I Amplification ofgenomic DNA using PCR. Genomic DNA was extracted from whole blood as described previously (14). Using the method of Saiki et al. (15) Cycler (model PJ 1000) with a temperature cycle of 1 min at 94°C, 1 min at 60°C, and 3 min at 72°C. After 40 cycles, the amplified materials were applied to 3% NuSieve agarose gel electrophoresis (FMC BioProducts, Rockland, ME) and desired fragments were separated for sequencing. Direct sequencing ofdouble-stranded DNA. Double-stranded DNA template-(0.8 pmol) was alkali-denatured as previously described (16) . Subsequent reactions were performed mainly according to the manufacturer's instructions (Sequenase kit; United States Biochemical Corp., Cleveland, OH), using a-35S-dCTP (Amersham Corp., Arlington Heights, IL) and 7-deaza dGTP (Boehringet Mannheim Inc., Indianapolis, IN). The denatured template was annealed with 4 pmol of sequencing primer, followed by labeling and termination reactions.
The samples were analyzed by electrophore~is on 6% polyacrylamide/8 M urea gel. To obtain accurate sequencing results, both strands were sequenced using multiple different primers (Table I, Fig. 2 ). Major modifications from manufacturer's instructions were inclusion of 10% DMSO throughout annealing, labeling, and termination reactions (17) , and a moderately lower temperature at the labeling reaction (16°C 
Results
In all 17 subjects, PCR-amplification using primer A and B, and C and D resulted in DNA fragments ofexpected sizes, 345 and 732 bp, respectively (Table I , Fig. 2 ) (data not shown). The former included the promoter region, exon 1 and its adjacent intron 1, the latter exon 2, its adjacent intron 1, intron 2, and exon 3. Therefore, no major insertions and deletions were implicated in the regions of the AVP-NPII gene described above. Double-stranded DNAs of 345 and 732 bp were directly sequenced by use ofprimerA, B, and E, and primer C, D, F, G, H, and I, respectively (Table I, Fig. 2 ). Ofthe nine primers, five (primer E, F, G, H, and I) were used as internal nested primers. As shown in Fig. 2 , we sequenced the AVP-NPII gene spanning bases 140 to 352 (the promoter region, exon 1, and its adjacent intron 1), 1678 to 1940 (exon 2 and its adjacent introns 1 and 2) and 2056 to 2334 (exon 3 and its adjacent intron 2).
Nucleotide sequences of the signal sequence and the 3'-untranslated region were identical in all 17 subjects, in which two normal Caucasians were included, but showed several discordances with those previously described (5) (Fig. 3) . Then, the amino acid residue Pro (CCT) in the signal peptide was corrected to Leu (CTC).
Sequences of 10 patients with IDI showed no difference from those of normals, while bands corresponding to both G and A were visualized at nucleotide position 1859 in 2 patients (III-1, 111-2) with FDI (Fig. 4) . This mutation was a G A transition in exon 2 and the patients were supposed to be heterozygotes. (Fig. 5 B) . Accordingly, it was confirmed that the patients were heterozygotes for this mutation. The heterozygosity was compatible with an autosomal dominant hereditary pattern in the pedigree. The same restriction enzyme analysis was also performed on 20 unrelated normal Japanese, and none of them had the 216-bp fragment specific for the mutant allele (data not shown). In addition, 10 patients with IDI and 5 normals sequenced in this study did not carry the mutation found in patients with FDT. Thus, we examined 70 alleles other than those of patients with FDI and no allele was found to have the mutation. binding affinity with AVP (19) (20) (21) . Although regions of NPII participating in self association are still unknown, Tyr-49 and Arg-8 in NPII are reported to be involved in AVP-binding (22) (23) (24) . Also, the disulfide bond, Cys-10 to Cys-54, encompassing the NH2 domain is supposed to be critical for AVP-binding (25) . As Gly-57 is a conserved amino acid among most vertebrate species (18), its substitution could influence AVP-binding and/or self association indirectly through a conformational change of the NPII molecule. Indeed, computer-assisted prediction of the secondary structure by the method of Robson et al. (26) indicated the possibility of a conformational change in the NPII molecule due to the substitution of Gly-57 for Ser. Consequently, supposed functions of NPII such as protecting AVP from proteolytic degradation and assisting AVP in its axonal transport (27) might be impaired. As the patients are heterozygotes for the mutation, the normal NPII molecule also expected to be generated in their hypothalamus. AVP-binding affinity of the normal NPII molecule, however, could be altered as a result of a heterodimer formation with the mutated NPII. We have focused on the mutated NPII molecule, but the mutated AVP-NPII precursor might also participate in developing diabetes insipidus. As a consequence of a conformational change, the transport or posttranslational processing ofthe mutated AVP-NPII precursor might be interfered. To elucidate precise mechanisms how the mutation found in the NPII moiety is responsible for AVP deficiency, further studies including in vitro expression of constructs having the substitution in cultured cells will be required, which will also contribute to our understanding of NPII.
In this study, we have encountered some difficulties in PCR-amplification and direct sequencing, because the AVP-NPII gene is extremely G + C rich (5) . It manifests in the latter half of the gene including exon 2, intron 2, and exon 3 which are composed of 74, 84, and 75% of G + Cs, respectively. We have overcome the difficulties by inclusion of DMSO during PCR and sequencing reaction, whose effect is presumably due to the prevention of the secondary structure formation. The reason why the previously reported sequence ofthe 3'-untranslated region differed from that determined in this study is supposed to be 83% of G + Cs in this region.
The etiology of IDI is still unknown, although autoimmunity was supposed to be a candidate in some cases (28) . As IDI might possibly be caused by some genetic defects, sequencing analysis ofthe AVP-NPII gene was performed on 10 patients of which 5 were juvenile onset. However, no difference was found compared with normal subjects. To elucidate the molecular basis of IDI, flanking regions ofthe AVP-NPII gene and factors influencing its expression must be analyzed.
